The protein u54 associates with Escherichia coli core RNA polymerase to form a holoenzyme that binds promoters but is inactive in the absence of enhancer activation. Here, mutants of u54 enabled polymerases to transcribe without enhancer protein and adenosine triphosphate. The mutations are in leucines within the NH2-terminal glutamine-rich domain of u54. Multiple leucine substitutions mimicked the effect of enhancer protein, which suggests that the enhancer protein functions to disrupt a leucine patch. The results indicate that (54 acts both as an inhibitor of polymerase activity and as a receptor that interacts with enhancer protein to overcome this inhibition, and that these two activities jointly confer enhancer responsiveness.
not form on such plates because wild-type a54 cannot contribute to the transcription of genes necessary for glutamine transport and synthesis without NtrC. Of the 20 NH2-terminal mutants, three showed positive growth ( Fig. 1) , which indicated that they contained forms of 54 that could direct transcription without the activator NtrC. Several mutants in other regions of a54 were also tested, but none showed growth comparable to that of the three NH2-terminal mutants (7) .
All three mutants that could grow without NtrC had changes in leucine residues (Fig. 1 ). In addition, three other mutants showed weaker but detectable growth, and these mutations also affected leucines. All six mutants that showed growth had changes in a small subregion between Leu25 not result in growth, although some mutants had glutamine changes in the same subregion. We infer that changes in leucine residues, particularly those in this subregion, are important for conferring an enhancer-independent phenotype. Three forms of mutant uJ4 protein were purified for further study in vitro, along with wild-type protein (8) . Two of these three proteins were the presumptive enhancer-independent leucine mutants LS2633 and HRS456. The other was QS3, which had changes in glutamines within the same subregion as the leucine mutants but was not an enhancer-independent mutant. In vitro transcription (9) showed that the two leucine mutants could transcribe from the glnAp2 promoter (10) in vitro in the absence of enhancer protein NtrC (Fig. 2 ). By contrast, neither the wild type nor the glutamine mutant QS3 could transcribe in vitro without NtrC.
The requirements for enhancer-independent transcription were delineated with LS2633. As a control, transcription with wild-type u54 holoenzyme was shown to require phosphorylated NtrC and adenosine triphosphate (ATP) (Fig. 3) (Fig. 4) (6, 7) ]. Analysis of replication intermediates (RIs) by two-dimensional (2D) gel electrophoresis confirmed that replication initiates in the rDNA spacer, the noncoding sequences between genes, at specific sites in Saccharomyces cerevisiae (8, 9) and Physarum polycephalum (6) and in a broad zone in human cells (10) . A replication fork barrier was also found at the 3' end of ribosomal genes in several species (7) (8) (9) (10) (11) In contrast to this conserved pattem of fixed sites or zones of initiation and termination, replication initiates and terminates at random sequences, though at regular 9-to 12-kbp intervals, in the rDNA of Xenopus early blastulae (12) . Plasmids containing the Xenopus rDNA sequences also showed random initiation and termination of DNA replication in Xenopus eggs or egg extracts (13, 14) . An important difference with the other experimental systems is that transcription of the zygotic genome, including rRNA genes (15) , is repressed in eggs and early embryos. In order to analyze the relation between transcription and replication at this locus, we investigated whether resumption of rRNA synthesis after the Xenopus mid-blastula transition is accompanied by changes in chromosomal rDNA replication.
RIs of the restriction fragments (Fig. 1A ) were analyzed by 2D gel electrophoresis (Fig. IC) . The principle of this technique is to resolve replication fork-containing restriction fragments according to both mass and shape (16) (Fig. 1B) . The relative amounts of bubbles, double forks, and simple forks of a given fragment reflect the frequencies of initiation and termination within that fragment.
At the mid-blastula stage, each restriction fragment showed a strong bubble arc, a simple fork arc, and a double fork triangular smear, indicating that initiation and termination occur at multiple positions throughout rDNA repeats. These patterns are essentially similar to those we found previously for the early blastula stage (12 
